Increased concentrations of total cholesterol, low density lipoprotein cholesterol (LDL-C) and apolipoprotein B-lOO (apo B-lOO), and decreased concentrations of high density lipoprotein cholesterol (HDL-C), HDL2-C and apo AI, correlate with increased risk of premature coronary heart disease.l ? In addition to total cholesterol concentration, the US National Cholesterol Education Program (NCEP) Adult Treatment Panel recommended the use of LDL concentration as the other primary parameter for the diagnosis and treatment of hypercholesterolaemia." Although it has repeatedly been shown that the apo AI and B-100 concentrations are better predictors of coronary heart disease risk than the Correspondence: Dr N Rifai.
cholesterol component of the corresponding lipoproteins.r" no specific guidelines have been issued concerning the use of these parameters in the routine clinical setting. Problems of standardization and the lack of well-defined reference ranges are the two main reasons for restricting the measurement of apolipoproteins to clinical trials.
Twelve hour fasting samples are recommended by the US Lipid Research Clinics (LRC) for accurate determination of lipid and lipoprotein cholesterol concentrations." The LRC methodology for the isolation of the LDL fractions involves an ultracentrifugation step,' which is time consuming and cumbersome. Most clinical laboratories use Friedewald's equation to calculate an estimate of LDL-C concentration.I Only one group has looked at the effect of postprandial lipaemia on the determination of LDL-C by Friedewald's equation (9) and this Iipaemic effect on the apolipoprotein concentrations remains controversial. HI-I 2 In the present study, we investigated the postprandial effect of a high fat meal on plasma lipid, lipoprotein cholesterol, and apolipoprotein concentrations and determined the minimum fasting period required for lipid testing.
MATERIALS AND METHODS
Sixteen non-obese, healthy, asymptomatic white males, 22-34 years-of-age, served as subjects for this study. None of them smoked, consumed more than two alcoholic or caffeinated drinks per day, or was taking any medication known to alter plasma lipids.
After a 12 h fast, subjects reported to the laboratory, rested quietly for 10 min after which a venous blood sample was obtained to establish baseline values. Immediately thereafter, subjects consumed a high fat meal. The meal, which consisted of approximately two sausages with egg, hash brown potatoes and a glass of iced water, was standardized to a 70 kg individual. This was done in an attempt to allow for the differences in the rates of metabolism that could occur between subjects due to differences in body size alone. The meal contained approximately 70 g fat, 580 mg cholesterol, and 1100 cal, with 56% of the calories coming from fat. During the 8 h following consumption of the meal, subjects rested quietly, consumed no food and drank only water. Venous blood specimens were obtained hourly for lipid testing. Portions of these data have been presented previously.l':" Blood specimens were collected in tubes containing EDTA anticoagulant and centrifuged for 15min to separate the plasma. Plasma HDL-C concentrations were determined by assay of the supernatants remaining after precipitation of plasma LDL and very low density lipoprotein (VLDL) with heparin plus manganese chloride (92 mrnol/L of MnCI 2 ) . 15 HDL2 and HDU were isolated from the HDL fractions by flotation density ultracentrifugation using a Beckman Airfuge (Beckman Instruments Inc., Brea, USA).16 Cholesterol was then measured in both fractions. Total cholesterol, as well as HDL-C, HDL2-C and HDL3-C, were determined enzymatically!' using reagents from BoehringerMannheim Diagnostics (BMD, Indianapolis, USA). Triglyceride was measured enzymatically with correction for endogenous glycerol" using reagents from the same supplier. Day-to-day imprecision for triglyceride and total cholesterol measurement was less than 3% while for HDL-C it was 5·5%. VLDL-C and LDL-C concentrations were calculated using Friedewald's equation:
8VLDL-C = triglyceride/5, LDL-C = total cholesterol -(HDL-C + VLDL-C). Apolipoproteins were determined by immunoturbidimetric assays" using antisera for apo AI and All from BMD and reference materials for apo AI and All from Washington Research Foundation (Seattle, USA) and antisera and calibrators for apo B-100 from Behring Diagnostics (La Jolla, USA). Day-to-day imprecision for the apolipoprotein assays was < 5%. The measurements of cholesterol, triglyceride and apolipoprotein concentrations were performed on a Cobas-BIO centrifugal analyser (Roche Analytical Instruments, Nutley, USA).
The paired r-test was used to compare the significance of mean differences with P < 0·05 being chosen as statistically significant.
RESULTS AND DISCUSSION
It has been reported that diurnal variations in fasting plasma triglyceride concentration exist with the highest value obtained in the rnoming.:" In addition, it has been shown that the triglyceride increment is much larger after breakfast than after similar meals later in the day.:" Therefore. subjects in the present study reported to the laboratory early in the morning and received their meals shortly thereafter.
Plasma triglyceride concentrations were significantly increased in the postprandial state (Table I) . As previously reported," 13 the maximum increase was observed after 3 h (Fig. I) . By 8 h, mean triglyceride concentrations did not statistically differ from fasting values. The mean triglyceride concentration was increased by 150% of baseline at 3 h (range 58%-232%).
Physiological variations in fasting triglyceride concentrations, as determined using two fasting specimens collected I month apart. was expressed as mean difference ± SD (0'14 ± 0·25 mrnol/L). The individual differences between the 8 h triglyceride concentration and its fasting value exceeded I SD of this calculated physiological variation in two subjects and 2 SD in a third. The parallel increase in VLDL-C and triglyceride concentrations observed in this study (Table I, Fig. I ) is inevitable since VLDL-C 
Values represent mean ± SO in mrnol/L for cholesterol, triglyceride, VLDL-C, LDL-C, HDL-C, HDL2-C and HDL3-C and in giL for apo AI, apo All and apo 8-100. Difference from 0 h values by paired t-test: -P < 0,0005, _. P < 0'005, t P < 0,025, t P < 0·05.
the postprandial effect on the estimated LDL-C was much greater than the measured LDL-C by the LRC methodology." Such a bias is of concern because many clinical laboratories calculate LDL-C by Friedewald's formula and physicians then assess patient risk of coronary heart disease using LDL-C values generated by the LRC methodology. If the patient is not fasting, the LDL-C concentration will be significantly underestimated and the patient's management may be altered since the NCEP recommended the use of LDL-C as a primary parameter in the diagnosis and treatment of hypercholesterolaemia. Therefore, to diminish the discrepancy between the estimated and the measured LDL-C concentration only fasting specimens should be used. When it becomes available, a reliable and simple direct method for the determination of LDL-C concentration might alleviate this problem.
In this study, the mean plasma total cholesterol concentration was not significantly altered in the postprandial phase ( Table 1) . This finding is in agreement with previous reports.IO·12.22 Nonfasting HDL-C and its two subfractions, HDL2-C and HDL3-C, concentrations did not differ from fasting values either (Table I) . It has been reported previously that the cholesterol component of HDL isolated by density gradient!" or rate-zonal ultracentrifugation" was increased after fat-feeding. This observed increase in HDL-C was attributed to an increase in HDL2-C and not in HDL3-C. 33 In contrast, the cholesterol component of HDL isolated by precipitation methods, using heparin-MnCl 2 11 or dextran sulphate-MgCI/ reagents, was shown to be decreased by 5-10%. Cohn et a/. 9 suggested possible explanations for the underestimated HDL-C. Postprandial period (h)
concentrations were estimated by dividing triglyceride concentrations by five, and not measured directly. The postprandial increase in measured plasma VLDL-C concentrations, by the LRC methodology,' was shown to be' significantly less pronounced than that of estimated VLDL-C. 9 Therefore, most of the increase in VLDL-C concentration reported in this study resulted from the methodology used. The increased secretion of VLDL from liver after fat-feeding" may also have contributed to this increase.
The LDL-C concentrations, calculated from Friedewald's formula, were significantly decreased in all subjects (Table I) . A maximum decrease of 37% was observed 3 h post-feeding (Fig. I) . By 8 h, LDL-C values returned to fasting concentrations. As with VLDL-C concentration, E E First, after fat feeding the increase in size and lipid: protein ratio of lipoproteins, including HDL, may cause HDL to co-precipitate with LDL and VLDL, Secondly, the postprandial shift in apo C proteins and apo E from high density to apo B-100-containing lower density lipoproteins may change the polarity of these complexes and increase precipitation, resulting in less cholesterol being measured in the supernatant. The discrepancy between our findings and those previously reported may be attributed to inter-laboratory variations in precipitation methodologies.
As with HDL-C, the concentrations of plasma apo AI and All, the major proteins in HDL, were not affected in this study by fat-feeding (Table 1) . A slight but statistically significant increase in the concentrations of apo AI and All post-feeding has been reported." Others, however, have reported that apo AI and/or apo All concentrations remained the same after fat-feeding.!':'? As previously reported," no postprandial changes in the concentrations of apo B-100 were observed (Table I) . Therefore, the slight decrease in the cholesterol component of LDL isolated by the LRC methodolgy, the recognized reference method, after fat-feeding" suggests a shift toward the formation ofa higher density LDL, the more atherogenic form of LDL.
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In conclusion, the measurement of plasma triglyceride concentration and the calculation of VLDL-C and LDL-C concentrations using Friedewald's formula are significantly altered in the post-prandial state and a minimum of 8 h fasting is required to assess their concentrations accurately. However, one should be aware that only white, young, normo-triglyceridaemic males were used in this trial and an 8 h fast may not be adequate to determine accurately triglyceride and LDL-C concentrations in older or hypertriglyceridaemic populations. The concentrations of total cholesterol, HDL-C, HDL2-C, HDL3-C, apo AI, apo All, and apo B-100 can be determined adequately using a non-fasting sample.
